Immunotherapies are becoming a larger part in many patients' oncology treatment as the number of approaches, individual medicines, and indications increase. Furthermore, these novel therapies have different side effect profiles from those traditional chemotherapies which have, until recently, typified the oncologist's approach to treatment together with surgery and radiation. Thus, it is imperative that family physicians seek out and recognize the possible toxicities of these new treatments with as great a proficiency as they have for more traditional therapies to better care for their patients.
Methods
In May and June 2017, the literature search was conducted. Sources composed of 2015 to May 2017 issues of the Journal of Clinical Oncology, Journal of the National Comprehensive Cancer Network, The Lancet Oncology, as well as materials published from the Institute for Clinical Immuno-Oncology and the Dana-Farber Cancer Institute. Prescribing information published by Genetech, Bristol-Meyers Squibb, and Merck for atezolizumab, nivolumab, and pembrolizumab, respectively, were also reviewed in June 2017. The electronic literature search was conducted with the PubMed and Ebscohost databases. Articles were chosen for their relevance to the drugs in question, cancer physiology, or historic significance. Search terms included were: immuno-oncology, ColeyЈs toxin, cancer immunotherapy, checkpoint inhibitors, CTLA-4, PD-1, PDL-1, CAR-T-cell, chi- meric antigen receptor T cell, neoantigens, and tumor specific mutant antigens. Follow-up searches were performed using the same databases in March 2018 for the terms toxicities and checkpoint inhibitors.
Background

Brief History of Immunotherapy
Harnessing the immune system to battle cancer has a long history going back to 2600 BC when the pharaoh Imhotep created an infection in himself to facilitate tumor regression. 1 Within modern medicine, the mention of an interrelation between cancer and the immune system dates to the 18th century, when it was noted that patients with a febrile illness often had a coincidental cancer response. 2 This culminated in 1893, when Dr. William Coley noted a tumor response in patients treated with streptococcal species and created his famous Coley's toxin to use the effect. 2, 3 In 1949, Sir Frank Macfarlane Burnet published his theory of acquired immunity, leading researchers to postulate the existence of a tumor-associated antigen that could be directly targeted. 4, 5 This approach underlies several successful antineoplastic drugs today, such as trastuzumab, which treats HER-2(ϩ) cancers, as well as novel approaches using neoantigens. 6 Another innovation came in 1969, when Dr. Burnet proposed the immunosurveillance model of immunity. 7 This states that lymphocytes eliminate malignant cells in addition to their previously known tasks against foreign substances, which was confirmed with the discovery of the programmed death receptor (PD-1), cytotoxic T-lymphocyteassociated protein 4 (CTLA-4), and other cell death and immune checkpoint proteins. 4, [7] [8] [9] Many of the new drugs and treatment strategies derive from these receptors and ligands, whereas others use the immunosurveillance model itself, such as the chimeric antigen receptor (CAR) T-cell therapies.
The use of cancer vaccines, such as the lauded human papillomavirus vaccine, and monoclonal antibodies, such as trastuzumab, have become commonplace in the oncology world. Their side effect profiles are well understood throughout the medical community. However, several newer advances such as the checkpoint-inhibitors, CAR T-cells, and neoantigen therapies are less known therapies and their profiles are largely unknown outside of the oncology community.
Checkpoint Inhibitors
T-cells express the T-cell receptor (TCR), which binds to the major histocompatibility complex (MHC), and will either activate or deactivate the T-cell, depending on either costimulatory or coinhibitory input from other ligands. 10 The protein cluster of differentiation 28 (CD28) causes T-cell activation via a costimulatory pathway. 11 Notable coinhibitory pathways include the programmed death receptor and ligand pathway (PD-L1), and the CTLA-4 pathway. 9, 11 These pathways are vital for proper immune system function, as too much inhibition causes inappropriate inactivation of Tcells, whereas too much activation causes inappropriate activation. Figure 1 provides a visual model of the T-cell activation/deactivation pathways described above.
Malignancies can derange these pathways. Sezary syndrome and other T-cell lymphomas upregulate the production of CTLA-4, a pathway inhibitor, and thus avoid destruction via T-cells. [12] [13] [14] The other pathways have a similar disregulation. Epstein-Barr virus-associated malignancies upregulate PD-L1 and several cancers, such as Hodgkin's lymphoma, produce an aberrant, stable form of the PD-L1 to increase the inhibitory signal, and evade the immune system. [15] [16] [17] Piercing the inhibitory effect of unduly upregulated CTLA-4 and PD-L1 would allow the native immune system to attack these neoplasms, thus affording pathways for antineoplastic drugs.
Drugs approved by the Food and Drug Administration currently exist that target CTLA-4 (ipilimumab) and PD-L1 (nivolumab, pembrolizumab, avelumab, and atezolizumab). 18 -22 The indications for these drugs continue to grow at an extreme pace. Approval for this class of medication has been given for treatment of melanoma, nonsmall cell lung carcinoma, renal cell carcinoma, squamous cell carcinoma of the head and neck, urothelial carcinoma, Hodgkin's lymphoma, microsatellite instability-high cancers of any origin, hepatocellular carcinoma, and Merkel cell carcinoma. 18 -23 Most of these indications are for specific subsets of these tumors, especially secondary to other Food and Drug Administration-approved treatments; however, some indications are first-line, such as pembrolizumab's treatment for certain cases of metastatic nonsmall cell lung carcinoma. 18 -23 This list is much larger compared to a few years ago, and more are becoming first-line. In fact, avelumab was quite recently approved for its current indication for Merkel cell carcinoma. 22 This further demonstrates the rapid pace of these developments.
As the list of indications for these drugs increases, it stands to reason that more patients will receive them as a part of their treatment. They are the most common class of drug discussed at length in this article and likely will play a substantial role in future oncology treatments. As such, family physicians should be versed in their side effect profiles to recognize complications as they arise. The most common side effects for all these medications are mild and include fatigue, nausea, and decreased appetite. 18 -22 Although most of side effects noted above are common to many drugs, the more severe side effects specific to the checkpoint inhibitors may be easily remembered, as they are most likely secondary to their immunologic mechanisms. They not infrequently seem in combination, and sometimes in sequence. 24 Important side effects, mentioned here to demonstrate the overall drug's category profile, include immunemediated colitis, pneumonitis, hepatitis, endocrinopathies such as hypothyroidism, and, rarely, encephalitis. Immune-mediated pneumonitis occurred in 1.2%-3.4% of patients studied in patients on a PD-L1 target drug. 19 -22 Grade 3 to 4 immune-mediated hepatitis occurred in 0.7%-11% in patients studied that were using either CTLA-4 or PD-L1 targeting drugs. 18 -22 Further highlighting the clinical importance of the immune-mediated side effects, a study showed that 8% of patients treated with pembrolizumab required treatment discontinuation and prednisone therapy for moderate to severe side effects. 20 Although these percentages are only examples, they present a picture of the commonality and severity of these side effects. Further data are shown in Table 1 .
The onset time for these side effects are highly variable and are affected by drug, regimen, additional treatments, and the side effect itself. 18 -22 Take immune-mediated colitis for example: the median onset for immune-mediated colitis in a patient with single-agent nivolumab was 5.3 months, but the earliest reported was 2 days from the beginning of therapy and the latest was 20.9 months. 19 Likewise for pembrolizumab, the median time to onset was 3.5 months for immunemediated colitis but varied from 10 days to 16.2 months. 20 For ipilimumab in the adjuvant treatment of melanoma, onset for immune-mediated colitis was 1.1 month but varied from 1 day to 20.6 months. 18 One can see the degree of variation. Whereas if one were to look at a single drug and regimen but the various side-effects it can be noted the average onset of each is slightly different, but an overall time frame becomes apparent. 19 Table 2 demonstrates this for nivolumab as a single agent, for a representative picture of side effects through time. Note that the mean time to onset for all these side effects is on the scale of months. 19 Therefore, the family physician should be cognizant of these side effects whenever their patient is on these medications but especially several weeks to months into therapy.
Some patients may be at higher risk of side effects than others. Studies involving checkpoint inhibitors have excluded patients with autoimmune disorders and chronic infections due to the drugs' mechanism of action, and, therefore, the exact risks to these patients is unknown. 25 However, a retrospective study with ipilimumab demonstrates a slightly higher incidence of severe, immune-mediated side effects for those with a pre-existing autoimmune disorder than in the general population, at 33% versus 25% of immune-mediated side effects. 26, 27 In addition, 38% of patients with a preexisting autoimmune disorder experienced a flair up of it while on ipilimumab; however, most were considered mild. 28 For patients with chronic infections, the theory, several case series, a retrospective study, and a small trial indicate overall safety and may, in fact, be an avenue for future treatment. 29 -34 However, data are currently limited for both patients with chronic infection and autoimmune disorders and more study is warranted. 25 Treatment of these side effects is multifaceted. The family physician should feel empowered to treat moderate to severe side effects with an initial dose of 1 mg/kg/day to 2 mg/kg/day prednisone or equivalent to withhold the offending agent, and it is the opinion of these authors to quickly refer the patient, to their oncologist for possible additional immunosuppressives. 18 -22,25 Most side effects have a median length of steroid treatment of only a few weeks (lowest median treatment is 5 days for hepatitis is pembrolizumab and mild-to-moderate colitis in nivolumab) to multiple months in severe cases (grade 3 to 4 colitis in ipilimumab was 4.7 months).
18 -21 Some side-effects will require additional treatment that is well within the purview of the family physician, such as immune-mediated hypothyroidism that may require thyroid replacement until its resolution. However, for some ongoing side effects, a referral to the system-appropriate specialist may be appropriate. 25 For example, if the patient acquires persistent immune-mediated colitis, a referral to a gastroenterologist may be warranted. Clinical judgment must be used on a caseby-case basis.
CAR T-cells
CAR T-cells are T-cells which undergo genetic engineering to express a particular antigen receptor, thus allowing for major histocompatibility complex-independent activation. 35 To create them, Tcells are harvested from a patient's blood by using leukapheresis, making each dose of CAR T-cells specific to each individual. 36, 37 The harvested cells then undergo purification and activation, most frequently via beads coated in CD3. 37 During the activation process, viral vectors carrying the anti- gen receptor DNA incubate with the T-cells. 37 These viruses infect and transfer the information into the DNA of the host T-cell, where it becomes expressed. 37 Thus, these new CAR T-cells target any cell expressing the particular antigen.
Testing these new technologies on hematologic malignancies gained traction recently, as they demonstrated very positive results treating chronic lymphocytic leukemia, acute lymphoblastic leukemia, non-Hodgkin's lymphoma, and Hodgkin's lymphoma by targeting CD19, CD20, or CD30. 38 -48 Some of the most striking successes to date involve the treatment of acute lymphoblastic leukemia targeting CD19 with an initial complete remission rate of 93%. 45 However, equally powerful to the results are its side effects. Once in a patient, CAR T-cells work rapidly, activating the cytokine pathways; this produces the so-called cytokine release syndrome (CRS). 49 These symptoms include fever, fatigue, headache, seizure, nausea, rigors, chills, myalgias, dyspnea, acute respiratory distress syndrome, hypotension, acute vascular leak syndrome, tachycardia, liver function impairment, and renal failure. 49 Symptoms of CRS range from mild to severe, where it becomes a cytokine storm. 49 Twothirds of patients treated with CAR T-cells experience some level of CRS, sometimes very early; however, the average time frame is 6 days to 20 days after infusion. 49 -52 In addition, the severity of CRS may correlate with higher cancer burden at the time of treatment. 51, 53 To mitigate these risks, regular monitoring of cytokine levels and prompt treatment with corticosteroids and cytokine antagonists remain the standard of care. 49, 53, 54 Further research continues to uncover ways to make CAR T-cells safer and more effective, and until this research is completed, the number of patients using these treatments will be limited. Figure 2 provides a visual overview of the CAR T-cell process.
Neoantigens
Neoantigens, similar to tumor-associated antigens described above, are antigens expressed only by the malignant cells secondary to mutations. These antigens, which have been demonstrated to be sometimes immunogenic, often do not add to pathology, but instead generate randomly due to disregulation of the cell cycle, which is typical of malignancy. 55, 56 The historic barrier to this approach arose from the need to find and typify these antigens, a process too cumbersome to perform until recent advancements in DNA sequencing. 55 Now, the prediction of differences of expressed proteins can be made by sequencing and comparing the exomes of both the patient's native cells and the malignant cells. 55 This process creates an extremely personalized set of antigens that become the basis for a vaccine. This vaccine induces an immune response against the tumor, while sparing the nonmalignant tissue. 56 Currently, data from preclinical trials suggest a treatment response and clinical trials are underway, some of which are targeting melanomas. [57] [58] [59] [60] This treatment strategy is still in early development and, therefore, side effects are yet unknown. For this same reason, it is unlikely that family physicians will encounter patients in these treatments; however, it has been included here for completeness and to present the current state of immuno-oncology.
Conclusions
Immunotherapies for malignancies are an expanding area of practice, with a dramatic increase in the number of patients who receive them. Thus, it is beneficial for the family physician to be conscious of the side effect profiles of the various classes. Checkpoint inhibitors possess autoimmune side effects such as pneumonitis, hypothyroidism, and colitis. These may present at any time the patient is on the medications but are more common several weeks to several months after beginning therapy. CAR T-cell therapies are being pursued at several centers across the country. They are powerful but have strong side effects such as CRS. Neoantigens are currently in the early stages of clinical trials and may become an exciting avenue for personalized cancer treatment but are not yet typical. 
